We experimentally and theoretically demonstrate a topological transition in photonic graphene. By applying a uniaxial strain, the system transforms from one that supports states localized on the edge to one that does not. Ocis codes: 230.7370, 240.0240, 350.4238 The prediction and discovery of topological insulators in condensed matter physics has renewed an enormous amount of interest in topological phenomena. Perhaps one reason for this is that topological properties are extremely robust, and therefore universal: small perturbations will not change a topological property at all (to any order in perturbation theory!). These phenomena are not limited to solid-state materials: in seminal papers by Raghu and Haldane [1] and Zhang et. al.
The prediction and discovery of topological insulators in condensed matter physics has renewed an enormous amount of interest in topological phenomena. Perhaps one reason for this is that topological properties are extremely robust, and therefore universal: small perturbations will not change a topological property at all (to any order in perturbation theory!). These phenomena are not limited to solid-state materials: in seminal papers by Raghu and Haldane [1] and Zhang et. al. [2] (theoretical and experimental, respectively), as well as by others [3] [4] [5] [6] , it was shown that topological phenomena such as the quantum Hall effect are highly relevant in the domain of photonics. In fact, photonic systems provide platforms to probe physics that are fundamentally inaccessible in the solid state. As we describe below, here we theoretically and experimentally demonstrate a topological transition between a topologically trivial phase and a non-trivial one by virtue of a large perturbation (a uniaxial strain), in a honeycomb photonic lattice system [7] , as discussed theoretically in Refs. [8] [9] [10] . Specifically, the lattice transforms from one that supports an edge state on the "bearded" edge, to one that does not -and vice versa (for the "zig-zag" edge). Such strong compressions are impossible in solid state systems, and therefore this is a transition that could not have been observed otherwise.
We consider a photonic graphene lattice (array of waveguides arranged in a honeycomb lattice configuration), in which the diffraction of light is described by the following coupled-mode equations:
where z is the distance in the propagation direction through the lattice, ( ) is the amplitude of the mode in the n th waveguide, and | , | is the coupling constant between waveguides n and m that are displaced by , . Note that these are exactly the "tight-binding" equations that describe the evolution of an electron in graphene. A microscope image of the photonic graphene structure is shown in Fig. 1(a) , and the spatial band structure (propagation constant, , vs. transverse wavevector ( , )) is shown in Fig. 1(b) . Note the presence of the "Dirac cones" (conical touchings of two bands). We then apply a uniaxial strain in the vertical direction -not by physically straining the system, but by fabricating new waveguide arrays with varying strains, s (s=1.0 for an unstrained system, s<1 for a vertically-compressed system). Topological arguments (in particular, calculation of the Berry/Zak phase) show that this system must possess a localized state on the bearded edge of the system. Indeed, in this case, the presence of the edge state is the topological property.
Upon compression of the lattice (see Fig. 1(c) ), the Dirac points merge together, finally meeting, and then opening a gap (see Fig. 1(d) ). When this happens, the Berry/Zak phase sharply becomes identically zero, indicating the transition to a system with no topological edge state. Thus, the topological transition has occurred.
We experimentally probe the presence (or lack of) an edge state by lauching light at the bearded edge of the photonic lattice (top edge of Fig. 1(a) ), with an elliptical beam that spans 5-7 edge waveguides. The transverse wavenumber ( ) can be probed by tilting the beam. If light remains confined to the edge, the state is present, and is not otherwise. In Figs. 1(e) and 1(f) , we plot the ratio of the light confined to the edge to that diffracted into the bulk as a function of , for simulations and in experiments, respectively. The plots clearly show that the edge power fraction around = 0 dramatically decreases when the system is strained, and the topological edge state that was present there is destroyed, by s = 0.7. Note the close agreement between simulation and experiment. An analogous transition can be observed on the zig-zag edge (bottom edge of Fig. 1(a) ), where an edge state is created for all = 0.
978-1-55752-973-2/13/$31.00 ©2013 Optical Society of America In conclusion, we observe a dramatic change of a topological property in the system as a result of a strong perturbation: a uniaxial strain. This transition could not have been observed in the solid state, due to the extreme degrees of strain involved, which are impossible for conventional graphene.
